The results of multiple transmyocardial punctures were studied in 12 dogs in which ligation of the left descending coronary artery had been performed. Instead of improvement, deterioration in the electrocardiogram, paradoxical movement, left ventricular pressure, left ventricular dp/dt max, and mean aortic flow were observed. These results are in contrast to the acute effects observed by Sen et al. (1965, 1968) but do not exclude the possibility of beneficial long-term effects.
In coronary insufficiency, the tantalizing situation is that the left ventricular wall is threatened by a lack of oxygen while it encloses an abundant amount of oxygenated blood. It is, therefore, not surprising that experiments have been performed to divert blood directly from the left ventricular cavity into the ischaemic portion of the left ventricle. Attempts to establish communications between the left ventricular cavity and the myocardium have been made by such techniques as transmyocardial puncture (Lary, 1963;  Sen, Udwadia, Kinare, and Parulkar, 1965; Sen et al., 1968; Wakabayashi, Little, and Conolly, 1967; White and Hershey, 1968; Khazei, Kime, Papadopoulous, and Cowley, 1968; Kuzela and Miller, 1969; Anabtawi, Reigler, and Ellison, 1969) , the insertion of grafts between the myocardium and the left ventricular cavity (Goldman et al., 1956; Massimo and Boffi, 1957) , the cutting or punching of the endocardium (Lary, 1963; Berger, Robbins, and Rodriguez, 1964; Vineberg, Baichwal, and Myers, 1965) , or the establishment of a communication between a coronary artery peripheral to an occlusion and the left ventricular cavity (Lary, Camelo, Sherman, and Noto, 1969; Munro and Allen, 1969) . According to Sen et al. (1965) , the myocardium of a reptilian heart receives blood mainly from the left ventricular cavity; they considered this an argument for the feasi- 
METHODS
Experiments were performed on 14 mongrel dogs of both sexes, unknown age, and ranging in weight from 12 to 24 kg. Anaesthesia was induced with thiopenthone sodium (30 mg/kg bodyweight) and, after endotracheal intubation, maintained with oxygennitrous oxide and intermittent injections of morphine and succinylcholine. Ventilation was kept constant with a positive-pressure respirator2. The chest was opened through the fifth left intercostal space, the pericardium was incised longitudinally, and the heart suspended in a pericardial cradle. The left anterior descending coronary artery was dissected free and ligated peripheral to the first main left ventricular branch. The revascularization procedure of Sen et al. (1968) was used, that is, transmyocardial puncture with a sharp needle (outside diameter 1P2 mm), 20 punctures per cm2. Two dogs died soon after coronary artery ligation. The remaining dogs were divided into two groups of six each. Punctures were made in the first group 30 minutes, and in the second group two and half hours after ligation of the left anterior descending coronary artery. The second group served as a control to the first, in order to ascertain whether the effects observed in the first group could be the result of coronary occlusion alone, and to gain insight into the influence of puncture after coronary occlusion of longer standing.
The electrocardiogram (ECG) was obtained through a limb lead and an epicardial lead, derived from the centre of the infarcted area. Changes in external left ventricular dimension were measured with a mercury strain gauge according to the technique of Rushmer. One mercury strain gauge of about 3 cm length was placed on the surface of the area, which was expected to become ischaemic after coronary occlusion, and another on that part of the myocardial surface which was presumed not to be affected by coronary occlusion. The ascending aortic blood flow was measured with an electromagnetic flowmeter3s4. Mean flow was obtained by passive integration. Left ventricular pressure (LVP) was measured with a short polythene catheter inserted through the myocardial wall into the left ventricular cavity and connected to a pressure transducer5. The first derivative (LVP dp/ dt) was obtained with an active system (Biotronex). All these parameters were recorded continuously on a technical recorder6. Coronary ligation was performed immediately after establishing control values. Changes in these parameters were expressed as a percentage of the initial values. Statistical significance was calculated with Student's t test, and regression lines were constructed.
RESULTS
Soon after ligation of the left descending coronary artery, pathological changes of the ECG were observed in both groups. The disturbances were most conspicuous in the epicardial leads, and consisted of changes in the ST segment and/or T wave. These pathological alterations gradually intensified during the observation period in the second group gauges. During the ejection phase, the affected area was being stretched instead of shortened. The curve shifted from the base line, indicating that during the whole cardiac cycle the affected area was distended (Fig. 4) . Following coronary occlusion, mean aortic flow (Fig. 5) , left ventricular pressure (Fig. 6) , and LVP dp/dt max.
decreased (Fig. 7) . The affected area of the myocardium became cyanotic and clearly distinguishable from the surrounding myocardium. After puncture the following effects were observed: in one dog ventricular fibrillation started after puncturing, but sinus rhythm could be restored. In four dogs of the first group, a deep Q wave appeared; in the two other dogs the voltage of the R wave decreased. In the second group, two dogs showed a pathological Q wave before puncturing, and the other four dogs immediately after. The curves of the mercury strain gauges revealed that, after puncturing, no improvement of paradoxical movement occurred; on the contrary, the affected area bulged even more, as was shown by the shift of the strain gauge curve from the base line. The aortic flow showed a further significant decrease, and left ventricular pressure and left ventricular dp/dt max. did not change significantly. A change in colour of the affected myocardium could not be observed owing to continuous oozing of dark blood from the puncture holes. (1965, 1968) . Sen et al. (1968) described the same ECG changes following coronary ligation as were observed in our experiments. These authors, however, stated that, after puncturing, fewer arrhythmias, no Q wave disturbances, and a tendency to improvement of the ECG occurred, in contrast to our findings. They observed, after making a sufficient number of punctures, a decrease and even a disappearance of paradoxical movements of the affected myocardial area. These observations are in contrast to our measurements with the mercury strain gauges. In addition, Sen et al. (1968) remarked that, as soon as enough punctures had been made, 'tonality and contractility of the entire myocardium improved while the arterial blood pressure remained stable'. We tried to confirm this statement by measuring LVP dp/dt max. as a parameter of 'contractility', because we were convinced by the statement of Noble et al. (1969) that LVP dp/dt max 'is close to the ideal index of contractility'. In our experiments, LVP, LVP dp/dt max, and mean aortic flow declined after puncturing. All (Meer, Reneman, Schneider, and Wieberdink, 1970) , it is hardly plausible that blood flows from the left ventricular cavity into the myocardium. After coronary ligation, however, the intramyocardial pressure drops precipitously in all layers of the myocardium, except in the subendocardial layer (Kreuzer and Schoeppe, 1963a, b, c, and d) . In the subendocardial layers the intramyocardial pressure remains higher in the corresponding phases of the cardiac cycle. Only punctures providing perforations of this subendocardial layer, which remains open during at least a part of the cardiac cycle, can allow blood to flow from the left ventricular cavity into the myocardium. For these reasons it is conceivable that the diameter of the puncture has an important bearing on the patency of the puncture holes. This factor was mentioned also by Anabtawi et al. (1969) . Most investigators have used needles with a diameter ranging from 1 8 to 3 0 mm (Wakabayashi et al., 1967; White and Hershey, 1968; Khazei et al., 1968; Anabtawi et al., 1969) . The differences between their results and ours might be explained by the difference in diameter of the punctures. It does not explain the differences between Sen's results and ours, as we used the same needle (outside diameter 1-2 mm). Another reason may be that most authors studied the effects of transmyocardial punctures after coronary occlusion in chronic experiments. These authors achieved a lower mortality, smaller infarction, and more rapid recovery from the effects of coronary occlusion (Sen et al., 1965; Wakabayashi et al., 1967; Khazei et al., 1968; Anabtawi et al., 1969; Kuzela and Miller (1969) found no difference between the two groups. But their experiments differ from the others in the smaller diameter of the needle used for the transmyocardial punctures.
We suggest that the lower mortality in animals subjected to transmyocardial punctures after coro-nary occlusion may have a reason other than the assumed improvement in myocardial circulation.
It is conceivable that the multiple punctures (20/ cm2) cause so much damage to the epicardial nerves that the situation becomes comparable to regional neural ablation. Several authors stated that neural ablation exerted a protective influence against arrhythmias following myocardial infarction (Ebert, Allgood and Sabiston, 1967; Schaal, Wallace, and Sealy, 1969; Ebert, Vanderbeek, Allgood, and Sabiston, 1970) .
It is therefore possible that, although myocardial performance deteriorates after transmyocardial punctures, this procedure may result in a higher long-term survival rate. 
